The prognosis of adult soft tissue sarcoma (STS) patients with metastases is generally poor. As little is known about the impact of the involvement of different metastatic sites and the extent of pulmonary lesions on the outcome for patients receiving first-line chemotherapy, we aimed to establish prognostic factors for STS patients with lung metastases only. A retrospective, exploratory analysis was performed on 2,913 metastatic STS patients who received first-line chemotherapy. Detailed information from 580 patients who had lung metastases only, was used for prognostic factor analysis. Patients with lung metastases only were more often asymptomatic and had undergone complete primary tumor resection more frequently compared to patients with additional metastases outside the lung or without lung metastases. For extremity STS, the incidence of lung metastases only was much higher compared to non-extremity STS. Lung involvement only was an independent favorable prognostic factor for overall survival (OS) with regard to metastatic site. Within this subgroup, in a multivariate model, other factors associated with improved OS included: good performance status (PS), no progression at primary site, low histological grade, younger age, long interval between initial diagnosis and trial registration, and smaller diameter of the largest lung lesion. This unique analysis on prognostic factors in STS patients with lung metastases confirms well-known patient factors (such as age and PS), and tumor characteristics (including tumor grade, interval between primary diagnosis, and metastases), but also identifies diameter of the largest lung lesion as a new prognostic factor. Knowledge about these factors may support decision-making within multidisciplinary tumor boards.
Introduction
Soft tissue and visceral sarcomas represent a rare group of mesenchymal tumors with greater than 70 different subtypes. The incidence in Europe and the United States is less than 5 per 100.000 per year. 1, 2 They occur at various anatomic sites with extremities (43%), trunk (10%), visceral (19%), retroperitoneum (15%), and head and neck (9%) as the most common primary sites. 3 The three stage grading system established by the French sarcoma group (FNCLCC) discriminates rarely metastasizing grade 1 tumors from grade 2 and 3 tumors with high metastatic potential. Other important characteristics leading to an increased risk of metastasis formation are size and depth of the primary tumor. 4 Most soft tissue sarcoma (STS) metastasize hematogenously with the lung as main target organ. 5 Exceptions are synovial sarcoma, clear cell sarcoma, rhabdomyosarcoma, and epithelioid sarcoma, which also spread via the lymphatic system. 6 Based on previous analyses, approximately 20-25% of all STS patients will develop pulmonary metastases (40-60% for high grade tumors), which will become clinically evident usually in the first 2 years following diagnosis. 7 For extremity STS, radiotherapy in addition to surgical removal of the tumor has been shown to reduce the risk of local recurrence but it has no impact on survival. 8, 9 Systemic spread seems to be an early event in STS. Amputation of extremity tumors compared to limb sparing procedures did not result in improved survival rates. 10 Surgical resection of metachronous lung metastases is always considered in the case of limited disease and longer interval since primary surgery as it has been associated with long-term survival. 11, 12 Prognostic factors associated with improved survival after pulmonary metastasectomy are based on a variety of surgical series. Factors associated with improved survival are a limited number of metastases (3), long disease-free interval (>12 months), and the ability to completely resect the pulmonary lesions. 13, 14 In contrast, it was recently shown that progression on preoperative chemotherapy before pulmonary metastasectomy was an independent negative prognostic factor for survival. 15 In metastatic patients not amenable to surgery, palliative chemotherapy is the treatment of choice. Median overall survival for these patients is about 12 months, but appears to be rising in certain subtypes such as leiomyosarcomas with the arrival of new agents. 16 Doxorubicin is the most active drug for metastatic STS and remains the standard first-line therapy for these patients. The most recent randomized phase III trial comparing doxorubicin with doxorubicin plus ifosfamide did not show an overall survival benefit for the combination therapy. 17 Furthermore, the approved second-line agent trabectedin did not improve progression free survival and had more toxicity compared to doxorubicin, and similar results were observed comparing the combination of gemcitabine and docetaxel with doxorubicin in the firstline therapy. 18, 19 Recently, olaratumab, an anti-PDGFRa monoclonal antibody, received conditional approval based on overall survival benefit in combination with doxorubicin over doxorubicin alone based on data from a randomized phase II study. Results of the phase 3 study are awaited with great interest. 20 The aim of the present retrospective exploratory analysis, on data from the EORTC database on 2,913 metastatic STS patients who received first-line chemotherapy, was to identify prognostic and predictive factors for overall survival (OS) and progression-free survival (PFS) of 580 patients with lung metastases only.
Patients and Methods

Patients
In total, 3,708 patients were treated in fifteen EORTC advanced soft tissue sarcomas trials. We excluded patients without metastases who received prior adjuvant or palliative chemotherapy and who were diagnosed with a gastrointestinal stromal tumor (GIST), limiting the current analysis to 2,913 patients. For the prognostic factor analysis, 1,078 patients with lung metastases only were selected. Detailed information on lung metastases (such as the number and diameter of lesions) had been collected in 10 of the 15 firstline studies (62,883, 62,901, 62,903, 62,912, 62,941, 62,953,  62,971, 62,012, 62,061 , and 62,091), which finally led to data of 580 patients that qualified for the prognostic factor analysis.
What's new? About 25% of soft tissue sarcoma patients develop lung metastases but prognostic factors for those who cannot get operated remain scarce. Here the authors performed a retrospective study of datasets obtained from 580 patients where metastases have not spread beyond the lung and who received first-line chemotherapy but no resection. Interestingly, the largest diameter of a lung lesion emerged as a new prognostic factor, a finding, which may influence clinical decisions in the future.
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End-points
The end points of this analysis were PFS and OS. PFS is defined as the time interval between the date of randomization or the date of prospective registration in the nonrandomized trials and the date of first report of progression or death, whichever comes first. The patients who are alive and without progressive disease at the last follow up date are censored. Likewise, OS is computed from the date of randomization in the randomized trials or the date of prospective registration in the nonrandomized trials until the date of death. Patients who are alive at the last follow up date are censored.
Explored covariates
The variables included in the study were the demographic data, the previous history of the sarcoma, the treatment, and the histology. For the prognostic factor analysis, the characteristics of the pulmonary lesions in particular the diameter of the largest lesions and the total number of lesions were investigated. The demographic variables included age (by 10 years), sex, and performance status before the start of chemotherapy. Performance status (PS) was measured on the WHO scale (except for two trials in which it was retrospectively converted from Karnofsky scale to the WHO scale). As few patients had a level 3 PS, the level 2 and 3 were combined in the same category named "PS 21." Variables related to the history of sarcoma included prior radiotherapy as well as the time since the first diagnosis of sarcoma (in years). Prior chemotherapy was an exclusion criterion. For the histological diagnosis and the grade, we used the centrally reviewed diagnosis when available (around 60%), otherwise the local diagnosis was used. Histological subtypes were aggregated into the four most common groups: leiomyosarcoma, synovial sarcoma, liposarcoma, and others. Table 1 ). This variable was used as a stratification factor in the univariate analyses.
Statistical methods
All baseline variables were described. The categorical data were summarized by the frequencies and percentages, and the continuous covariates were summarized with median, range and numbers of non-missing observations. The statistical test used for comparison was a v 2 (or a fisher) test for categorical covariates. A Kruskall-Wallis test was used for covariates with more than two ordered categories or for continuous variables. Median follow-up was calculated from reverse Kaplan-Meier estimates. PFS and OS were estimated using the Kaplan-Meier estimate and compared between subgroups of metastatic involvement using a Cox proportional hazards models stratified by treatment and study to try to account for potential heterogeneity among the trials. The potential prognostic value of all factors was first investigated by univariate analyses, using a univariate Cox model stratified by treatment. The overall and progression free survival curves were presented for factors that were significant. Factors included in the multivariate model (also stratified by treatment) were identified by a backward selection procedure which included all the covariates in the model and removed, one at a time, those whose p values was higher than 0.05. Multivariate analysis required complete information for all patients on all covariates included in the model. To protect against a considerable loss of information for the multivariate analysis in case of substantial missing data in one or more of the covariates, we considered for some covariates the "missing" as a separate category in these models (prior surgery, primary site involved, site of primary and grade). The statistical significance was set at 0.05 for all the analyses in this report.
Results
Baseline characteristics of all 2,913 metastatic STS patients were categorized according to the site of metastatic involvement "lung lesions only," "other lesions only," and "both type of lesions" (Table 1 ). In the univariate analysis, the patients' characteristics differed across the populations for treatment, gender, PS, age, time between initial diagnosis, and registration, prior surgery, prior radiotherapy, histology, histopathological grade, site of primary tumor, and whether the primary site was involved.
There were slightly more male patients with lung lesions only, whereas more female patients had metastatic sites including lung and other lesions. This was probably related to the gynecologic sarcomas (N 5 308) which were associated in 62% of patients with lesions also outside the lungs (Supporting Information Appendix Table 3 ). A PS of 0 was observed more frequently in the "only lung metastases" group as compared to the other two groups. The median age in the three groups was comparable. The interval between initial diagnosis and registration was the longest for patients with lung metastases only. The majority of patients had a prior surgery of their primary tumor which was more often a complete resection for patients with lung metastasis as compared to the others. About 10% of the patients had synovial sarcoma and liposarcoma (9.6 and 9.1%, respectively), 31.6% had leiomyosarcoma, but the majority had another type of sarcoma (46.4%). Remarkably, synovial sarcoma metastases 
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almost always affected the lungs with only 10% of patients having lesions solely outside the lungs, whereas liposarcoma metastases were mainly located outside the lungs (51.1% other lesions only and 23.5% both types of lesions). The next histologic subtype associated with a high prevalence of metastases sparing the lungs was leiomyosarcoma, with 41.1% of patients showing metastases only outside the lungs. The group of other STS was a mixed group of histologies, whereas nowadays the diagnosis can be better defined than in the earlier studies. Thirty percent of grading data were missing, almost half of the STS had grade 3 and 11% had grade 1.
Patients with metastatic lesions only outside the lungs had twice as often a grade I tumor as compared to the other two groups. Information about the localization of the primary tumor was incompletely reported but the majority were nonextremity STS. These patients developed metastases outside the lungs more frequently as compared to the extremity Group (41.2 vs. 15.6%, respectively) ( Table 1) . At the time of the respective study clinical data cut-offs, 18.5% of patients were still alive with a median follow-up time of 16 months. These patients were considered as censored for OS and PFS analysis. In terms of OS patients with lung metastases only had a better prognosis than patients with other metastases only (stratified HR 5 1.14; 95% CI, 1.03-1.26) or patients with both types of metastases (stratified HR 5 1.24; 95% CI, 1.16-1.43). This was also the case for PFS where patients with lung metastases only had a longer PFS as compared to the group with other lesions only (Fig. 1) .
Prognostic factors for OS in patients with measured lung metastases only
In univariate analysis, PS, histopathological grade, time between the initial diagnosis and registration, and the diameter of the largest lung lesion were all significant prognostic factors at the level of 0.05. Choice of chemotherapy regimen had significant impact on OS with a better outcome for doxorubicin plus ifosfamide as compared to doxorubicin alone (Supporting Information Appendix Table 4 ). Multivariate analysis was performed on a subset of 504 patients with all necessary information available. Performance status was a very strong prognostic factor together with histopathological grade, involvement of primary site, time between the diagnosis and registration, and the diameter of the largest lung lesion ( Table 2) . We also performed the multivariate analysis adjusting for treatment as a covariate but stratifying by study to account for between study heterogeneity. This resulted in the same final model, with similar HR estimates (data not shown).
Prognostic factor for PFS in patients with measured lung metastases only
In univariate analysis, treatment, PS, number of lung lesions, interval between initial diagnosis and registration, and size of the largest pulmonary lesion were significant (Supporting Information Appendix Table 5 ). Median PFS was highest for patients treated with doxorubicin plus ifosfamide followed by anthracycline monotherapy, ifosfamide and trabectedin or brostallicin. In the multivariate analysis, stratified by treatment, on a subset of 504 patients where all covariates were available, PS, time between the diagnosis and registration and the diameter of the largest lung lesions were found to be significant prognostic factors for PFS (Table 3 ). The sensitivity analysis adjusting for treatment as a covariate, but stratifying by study, resulted in the same final model, with similar HR estimates (data not shown).
Discussion
In this unique and largest series of 580 patients with lung metastases not amenable to surgery and treated with first-line chemotherapy in EORTC STBSG trials over 30 years, we aimed to find prognostic factors for OS and PFS. So far, outcome of patients with lung metastases only was reported mainly from surgical series. Casson et al. in 1992, reported about 58 patients with pulmonary metastases of STS who underwent complete resection of pulmonary metastases. They identified as independent prognostic factors for improved OS: metastasis doubling time of 40 days or greater, unilateral disease on preoperative radiography, three or fewer nodules on preoperative computed tomography, two or less nodules resected, and tumor histology (malignant fibrous histiocytoma better than others). Multivariate analysis identified the number of nodules detected by computed tomography preoperatively as having significant prognostic value. 21 Later, in 1999, Billingsley et al. reported about 719 patients with lung metastases as a single institution experience of the Memorial Sloan-Kettering Cancer Center. One third of the patients underwent metastasectomy and complete surgical resection of all lung metastasis had the greatest impact on survival. On univariate analysis, patient age 50 years or older and highgrade tumors were predictors of negative outcome. Again, patients with 4 number of lung lesions or unilateral disease had a slightly more favorable survival although this was not statistically significant. For multivariate analysis, surgical resection remained the most significant predictor of postmetastases survival followed by a disease-free interval of greater than 12 months and low grade histology of the primary tumor. Predictors of poor outcome were liposarcoma and malignant peripheral nerve sheet tumor histology, and age 50 years. In line with the surgical series, histopathological grade, age and time between initial diagnosis and treatment have been proven to serve as prognostic factors also for the non-surgically treated patients. The factors PS and involvement of primary site were described for the first time as prognostic in patients with lung metastases only who were treated with first-line chemotherapy. Whereas the number of metastases or unilaterality were prognostic in the surgical series, the size of the largest lung lesion was prognostic for OS and PFS within this analysis. However, this might be biased by the different way of reporting for chemotherapy trials where tumor load is defined by RECIST criteria, taking into account only measurable lesions (10 mm). 22 STS affects men and women with equal frequency which was also true for this analysis. 23 However, men were more frequently recorded with lung lesions only as compared to women where lung lesions were more often associated with other metastatic lesions. This is probably related to the gynecologic sarcomas which in a majority of women develop metastases also outside the lungs. Patients with lung lesions only are usually less symptomatic than patients with lesions in liver, bone, or other parts of the body. This lead to an imbalance between the three cohorts with more PS0 patients in the lung only group. This may also explain why for patients with lung metastasis only the delay between initial diagnosis and registration was the longest.
Interestingly, the patients of the cohort with lung lesions only were younger as compared to the others. Whether this is related to different histologies in the three age groups (40 years, 40-50 years, and 50-60 years) cannot be clarified as up to 50% of the histologies were grouped as "other" due to the difficulty in verification of histological subtypes over the different study generations, not allowing for further discrimination. However, as only 60% of all cases were analyzed by a review pathologist, the precision of the histologic analysis remains questionable and cannot be compared to more recent studies. We, therefore, also did an analysis on patients where histology was reviewed, but this did not change the conclusions (results not shown).
Extremity STS patients have a higher chance to have achieved complete tumor resection as compared to retroperitoneal or intraperitoneal localizations but they also have a higher risk for pulmonary metastatic disease. 24 This is in line with the finding that STS patients who had prior complete surgery were more frequently diagnosed with pulmonary lesions only. Radiotherapy was mainly administered in case of extremity STS and was therefore also more often represented in the lung metastases only group. Leiomyosarcoma and "other" STS were the main tumor histologies. Regarding the incidence of sarcoma subtypes especially in metastatic patients undifferentiated pleomorphic sarcoma (UPS) have to be assumed as another large subgroup and aggressive uterine sarcomas in the female population, likely responsible for the higher proportion of lesions outside the lungs in women. The proportion of grade I tumors was below 10% for all patients but significantly higher for patients with metastases outside the lungs. This reflects the low metastatic potential for low grade tumors but may indicate the higher proportion of non-extremity grade 1 tumors, for example, well-differentiated liposarcoma in this patient cohort. Patients with lung lesions only originate mainly from extremity primary tumors, which are easier to be completely resected as is the case for other localizations. Therefore, for patients with lung lesions only the primary tumor is more often controlled. This could also explain the better outcome of the lung metastases only group with significantly improved OS and PFS as compared to the other two groups (Figs. 1a and 1b) . As the site of tumor metastasis is dependent on the tumor subtype (see Table 1 ), this result may also reflect the prognosis of the different tumor subtypes with recently describe leiomyosarcoma patients doing better than liposarcoma or undifferentiated pleiomorphic sarcoma. 25 The involvement of the liver in about 20% of patients and bone in about 10% of patients with metastases outside the lungs is in line with other reports of metastatic STS patients. 26, 27 PS scores are widely used in oncological practice because they correlate with patient survival duration and response to treatment and have proven to serve as independent prognostic factors despite the development of many biomarkers in most cancers. 28, 29 Age did prove as prognostic factor in multivariate analysis but we only have a limited number of about 10% of patients older than 65 years in the EORTC data base treated with first-line chemotherapy in STS. 30, 31 A longer interval between diagnosis and registration for chemotherapeutic treatment for metastatic disease reflects the clinical course of the disease and is most likely related to lower tumor grade. Histological grade was prognostic for OS but not for PFS reflecting that high grade tumors are more likely to respond to chemotherapy but have also a higher risk to progress thereafter. 28 With regard to the characteristics of the lung metastases size of the largest lesion was prognostic for OS and PFS. Of note, detection of non-target lesions in the lungs was associated with the worst outcome. Most likely these patients had pleural involvement which is associated with higher morbidity, compared to intrapulmonary lesions. 29 Median OS and PFS of patients with pulmonary metastases only was highest for patients treated with doxorubicin plus ifosfamide followed by anthracycline monotherapy, ifosfamide and trabectedin or brostallicin. In the multivariate analysis there was a 31% risk reduction for the combination therapy compared to anthracycline monotherapy with regard to PFS (HR 5 0.69, p < 0.001). These results are in line with the most recent phase III trial comparing doxorubicin monotherapy with the combination of doxorubicin and ifosfamide ( Fig. 2 and 3) . 17 This analysis is restricted by the fact that data encompassing greater than 25 years of sarcoma research were pooled to increase the patient number and clinical significance of the study. With the introduction of modern imaging technology and new treatment options that are more tumor histology driven, prognosis of patients may change in due course. This may also have an impact for analyses such as the current one. Therefore, a stratified approach (by treatment and/or study when feasible in terms of sample size and events in the proposed strata) was adopted. Interestingly, stratification had only a minimal impact on the estimates obtained from the different models when compared to unstratified analyses, suggesting limited presence of heterogeneity. Another limitation of the retrospective nature of our study is the amount of missing data in potentially important prognostic factors such as prior surgery, primary site involved, site of primary, and grade. Treating the missing information as a separate category was a pragmatic solution to avoid the loss of a substantial subgroup of patients in a complete case analysis. Multiple imputation of the missing data was not considered feasible in this analysis, as the proportion of missing data was quite large, and was sometimes of a structural nature (i.e., not being collected as part of the clinical study data).
Despite these limitations, with the largest data set ever investigating the role of localization of metastases in soft tissues sarcoma patients amenable to first-line chemotherapy, we confirmed general known prognostic factors for OS and PFS but added more detailed information regarding the impact of the status of the primary tumor and the size of the largest pulmonary metastasis.
With this extended report, we aimed to provide significant information on prognostic factors which may help to take optimal decisions in multidisciplinary sarcoma meetings and guide shared decision making with patients confronted with metastases of soft tissue sarcomas.
